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Partial Translation of JP61( 1986) -A- 205492 

METHOD FOR PRODUCING COMBUSTIBLE GAS 
( I ) Claims 

1. A method for producing combustible gas, which comprises 
placing rapidly a liquid in which aerobic microbes have been 
abundantly proliferated, under anaerobic conditions so that 
hydrogen is generated. 

2. A method for producing combustible gas , which comprises 
keeping rapidly a liquid in which aerobic microbes have been 
abundantly proliferated, under anaerobic conditions so that 
hydrogen is generated in the copresence of photosynthetic 
bacteria. 

3. A method for producing combustible gas, which comprises 
keeping rapidly a liquid in which aerobic microbes have been 
abundantly proliferated, under anaerobic conditions, allowing 
a photosynthetic bacteria to coexist in the liquid, generating 
hydrogen, and further keeping the said liquid under anaerobic 
conditions so that methane gas is generated. 

(II) On page 2, right upper column, lines 3-18 

The aerobic microbe includes Bacillus megaterium, 
Azotobactervinelandii. Saccharomyces cerevisiae. Aspergillus 
oryzae, Candida utilis, Rhodotorula rubra, Pseudomonas 
aeruginosa, Streptomyces griseus , and Escherichia coli. and 
there is no particular limitation to the kind thereof. These 
above-mentioned aerobic microbes are usually contained in 
various kinds of wastewater. 

When a liquid in which aerobic microbes have been 
abundantly proliferated is rapidly kept under anaerobic 
conditions, the aerobic microbes are autolysed . thereby causing 
bubbles coming from the liquid surface. Most of these bubbles 
are hydrogen gas . 
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The inventors of the present invention have discovered 
a new finding that a large amount of hydrogen is generated when 
a liquid in which aerobic microbes have been proliferated in 
a large amount is rapidly kept under anaerobic conditions. 

(Ill) Working Examples 1-11 

( 1 ) Example 1 

Starch factory wastewater (BOD 10,000 ppm) 1000 L was 
introduced into an aeration tank, and it is vigorously aerated 
for 12 hours so that aerobic bacterial cells contained in the 
wastewater were proliferated abundantly. The liquid 
containing a large amount of the aerobic bacterial cells was 
quickly (in 5 minutes) transferred to an anaerobic tank, and 
stirred slowly under anaerobic conditions for 72 hours, during 
which time the generated combustible gas gathered in the upper 
part of the anaerobic tank. The generated gas was introduced 
into a gas storage tank, and then stored therein. The amount 
of the generated gas was 0 . 2 m 3 of 1 atm. comprising 50% hydrogen 
gas and 50% carbon dioxide gas. 

(2) Example 2 

Starch factory wastewater (BOD 10,000 ppm) 1000 L was 
introduced into an aeration tank. On the other hand, a culture 
solution 20 L of a photosynthetic bacteria, Rhodopseudomonas 
capsulata which had been abundantly cultured was added to the 
aeration tank. The mixture was vigorously aerated for 12 hours 
so that aerobic bacterial cells contained in the wastewater and 
the photosynthetic bacteria cells were allowed to be abundantly 
proliferate. The liquid containing these aerobic bacterial 
cells and photosynthetic bacterial cells which had been 
abundantly proliferated was quickly (in 5 minutes) transferred 
to an anaerobic tank, and stirred slowly under anaerobic 
conditions for 72 hours, during which time the generated 
combustible gas gathered in the upper part of the anaerobic tank. 
The generated gas was introduced into a gas storage tank, and 
then stored therein. The amount of the generated gas was 1.2 
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m 3 of 1 at*, comprising 80% hydrogen gas and 20% carbon dioxide 
gas . 

(3) Example 3 

Alcohol factory wastewater (BOD 10,000 ppm, C/N ratio 50) 
1000 L was introduced into an aeration tank, and it is vigorously 
aerated for 12 hours so that aerobic bacterial cells contained 
in the wastewater were abundantly proliferated. The liquxd 
containing the aerobic bacterial cells which had been 
abundantly proliferated was quickly (in 5 minutes) transferred 
to an anaerobic tank, and stirred slowly under anaerobic 
conditions for 72 hours, during which time the generated 
combustible gas gathered in the upper part of the anaerobic tank. 
The generated gas was introduced into a gas storage tank, and 
then stored therein. The amount of the generated gas was 0.25 
m 3 of 1 atm. comprising 65% hydrogen gas. 30% carbon dioxide 
gas and 5% nitrogen gas. 

(4) Example 4 

Alcohol factory wastewater ( BOD 10,000 ppm, C/N ratio 50) 
1000 L was introduced into an aeration tank. On the other hand, 
a culture solution 20 L of a photosynthetic bacteria, 
Rhodopseudomonas capsulata which had been abundantly cultured 
was added to the aeration tank. The mixture was vigorously 
aerated for 12 hours so that aerobic bacterial cells contained 
in the wastewater and the photosynthetic bacteria cells were 
allowed to abundantly proliferate. The liquid containing 
these aerobic bacterial cells and photosynthetic bacterial 
cells which had been abundantly proliferated was quickly (in 
5 minutes) transferred to an anaerobic tank, and stirred slowly 
under anaerobic conditions for 7 2 hours, during which time the 
generated combustible gas gathered in the upper part of the 
anaerobic tank. The generated gas was introduced into a gas 
storage tank, and then stored therein. The amount of the 
generated gas was 1 . 5 m 3 of 1 atm. comprising 70% hydrogen gas, 
25% carbon dioxide gas and 5% nitrogen gas. 
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(5) Example 5 

Tofu factory wastewater (BOD 10,000 ppm) 1000 L was 
introduced into an aeration tank, and it is vigorously aerated 
for 12 hours so that aerobic bacterial cells contained in the 
wastewater were abundantly proliferated. The liquid 
containing the aerobic bacterial cells which had been 
abundantly proliferated was quickly ( in 5 minutes ) transferred 
to an anaerobic tank, and stirred slowly under anaerobic 
conditions for 72 hours, during which time the generated 
combustible gas gathered in the upper part of the anaerobic tank. 
The generated gas was introduced into a gas storage tank, and 
then stored therein. The amount of the generated gas was 1.5 
m 3 comprising 20% hydrogen gas, 50% carbon dioxide gas and 30% 
nitrogen gas. 

( 6 ) Example 6 

Tofu factory wastewater (BOD 5.000 ppm) 1000 L was 
introduced into an aeration tank. Precipitates were collected 
from a precipitation tank installed in the processing steps of 
tofu factory wastewater. These precipitates (5 kg) were added 
to the above aeration tank, and vigorous aeration was continued 
for 12 hours so that aerobic bacterial cells contained in the 
above wastewater and precipitates were allowed to be abundantly 
proliferate. The liquid containing the aerobic bacterial 
cells which had been abundantly proliferated was quickly (in 
5 minutes) to an anaerobic tank and stirred slowly under 
anaerobic conditions for 72 hours, during which time the 
generated combustible gas gathered in the upper part of the 
anaerobic tank. The generated gas was introduced into a gas 
storage tank, and then stored therein. The amount of the 
generated gas was 1.5 m 3 comprising 20% hydrogen gas , 50% carbon 
dioxide gas and 30% nitrogen gas. 

(7) Example 7 

Tofu factory wastewater (BOD 5,000 ppm) 1000 L was 
introduced into an aeration tank. Precipitates were collected 
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from a precipitation tank installed in the processing steps of 
tofu factory wastewater. These precipitates (5 kg) were added 
to the above aeration tank, and a culture solution 20 L of a 
photosynthetic bacteria, Rhodopseudomonas capsulata which had 
been abundantly cultured separately was added thereto. 
Vigorous aeration was continued for 12 hours so that aerobic 
bacterial cells contained in the above wastewater and the 
photosynthetic bacteria, Rhodopseudomonas capsulata were 
allowed to abundantly proliferate. 

The liquid containing the aerobic bacterial cells and 
photosynthetic bacterial cells which had been proliferated was 
quickly (in 5 minutes) to an anaerobic tank and stirred slowly 
under anaerobic conditions for 7 2 hours, during which time the 
generated combustible gas gathered in the upper part of the 
anaerobic tank. The generated gas was introduced into a gas 
storage tank, and then stored therein. The amount of the 
generated gas was 1 . 7 m 3 at 1 arm. comprising 65% hydrogen gas, 
20% carbon dioxide gas and 15% nitrogen gas. 

(8) Example 8 

Chemical fiber factory wastewater (BOD 10,000 ppm, organic 
acid... 90% acetic acid...) 1000 L was introduced into an 
aeration tank. Activated sludge was collected from the factory, 
and the activated sludge (5 kg) was added to the above aeration 
tank. Vigorous aeration was continued for 12 hours so that 
aerobic bacterial cells contained in the wastewater and 
activated sludge were allowed to be abundantly proliferated. 
The liquid containing the aerobic bacterial cells which had been 
abundantly proliferated was quickly (in 5 minutes) transferred 
to an anaerobic tank, and stirred slowly under anaerobic 
conditions for 72 hours, during which time the generated 
combustible gas gathered in the upper part of the anaerobic tank. 
The generated gas was introduced into a gas storage tank, and 
then stored therein. The amount of the generated gas was 1.2 
m 3 of 1 atm. comprising 40% hydrogen gas, 45% carbon dioxide 
gas and 15% nitrogen gas. 
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( 9 ) Example 9 

Chemical fiber factory wastewater (BOD 10 , 000 ppm, organic 
acid. ..90% acetic acid...) 1000 L was introduced into an 
aeration tank. Activated sludge was collected from the factory, 
and the activated sludge (5 kg) was added to the above aeration 
tank. The culture solution 20 L of a photosynthetic bacteria, 
Rhodospirillum which had been abundantly cultured separately 
was added the aeration tank. Vigorous aeration was continued 
for 12 hours so that aerobic bacterial cells contained in the 
wastewater and photosynthetic bacterial cells were allowed to 
be abundantly proliferated. The liquid containing the aerobic 
bacterial cells and photosynthetic bacterial cells which had 
been proliferated was quickly (in 5 minutes) transferred to an 
anaerobic tank, and stirred slowly under anaerobic conditions 
for 72 hours, during which time the generated combustible gas 
gathered in the upper part of the anaerobic tank . The generated 
gas was introduced into a gas storage tank, and then stored 
therein. The amount of the generated gas was 1.2m 3 of 1 atm. 
comprising 70% hydrogen gas, 20% carbon dioxide gas and 10% 
nitrogen gas. 

(10) Example 10 

Concentrated wastewater (BOD 10,000 ppm. 80°C) obtained 
after heating wastewater of marine products processing (fish 
processing) factory was passed through a heat exchanger to lower 
the water temperature to 30°C. Aerobic bacteria Bacillus 
megaterium, Azotobacter vinelandii and Saccharomyces 
cerevisiae were inoculated onto the above wastewater. 
Vigorous aeration was continued for 12 hours so that the 
inoculated bacterial cells were allowed to be abundantly 
proliferated. The liquid containing the aerobic bacterial 
cells which had been abundantly proliferated was quickly (in 
5 minutes) transferred to an anaerobic tank, and stirred slowly 
under anaerobic conditions for 72 hours , during which time the 
generated combustible gas gathered in the upper part of the 
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anaerobic tank. Then, the generated gas was introduced into 
a gas storage tank, and stored therein. The amount of the 
generated gas was 1.5m 3 comprising 20% hydrogen gas, 50% carbon 
dioxide gas and 30% nitrogen gas. 

(11) Example 11 

Concentrated wastewater (BOD 10.000 ppm. 80°C) obtained 
after heating wastewater of marine products processing (fish 
processing) factory was passed through a heat exchanger to lower 
the water temperature to 30°C. Aerobic bacteria Bacillus 
megaterium, Azotobacter vinelandii and Saccharomyces 
cerevisiae were inoculated onto the above wastewater, and a 
culture liquid 20 L of photosynthetic bacteria Chromatium which 
had been abundantly proliferated separately was added thereto. 
Vigorous aeration was continued for 12 hours so that the 
bacterial cells inoculated in the wastewater and the 
photosynthetic bacteria were allowed to be abundantly 
proliferated. The liquid containing the aerobic bacterial 
cells and the photosynthetic bacteria cells which had been 
abundantly proliferated was quickly (in 5 minutes) transferred 
to an anaerobic tank, and stirred slowly under anaerobic 
conditions for 72 hours, during which time the generated 
combustible gas gathered in the upper part of the anaerobic tank. 
Then, the generated gas was introduced into a gas storage tank, 
and stored therein. The amount of the generated gas was 1.7 
m 3 of 1 atm. comprising 65% hydrogen gas, 20% carbon dioxide 
gas and 15% nitrogen gas. 
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Table 1 





Amount of 
gas 

generated 
( 1 atm . ) 


Methane 
gas (%) 


Hydrogen 
gas (%) 


Carbon 
dioxide 
gas (%) 


Nitrogen 
gas ( % ) 


Example 2 


0.6 m 3 


60 


10 


30 


0 


Example 4 


0.7 m 3 


60 


5 


30 


5 


Example 7 


0.5 m 3 


55 


2 


33 


10 


Example 9 


0.55 m 3 


50 


5 


30 


15 


Example 
11 


0.4 m 3 


60 


5 


30 


5 
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